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Propranolol reduces systemic oxidative stress and endotoxemia in 
cirrhotic patients with esophageal varices
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Abstract Background The aim of the study was to investigate the effect of propranolol on systemic 
oxidative stress and endotoxemia in patients with liver cirrhosis and clinically significant portal 
hypertension evidenced by the presence of esophageal varices.

Methods Fourteen patients with liver cirrhosis and esophageal varices, not previously been treated 
with non-selective beta-blockers (NSBB), were prospectively started on propranolol and followed 
up for three months. Serum early and late lipid peroxidation products (lipid hydroperoxides 
[LOOH] and malondialdehyde [MDA], respectively), and endotoxin concentrations in peripheral 
blood were measured. Fourteen age- and sex-matched healthy individuals were used as controls.

Results Patients with liver cirrhosis presented significantly higher systemic oxidative stress and 
endotoxin concentrations compared to healthy controls (P<0.001). Propranolol treatment for 
one month significantly reduced serum MDA (P<0.05), LOOH (P<0.01), and endotoxin levels 
(P<0.01) compared to pre-treatment values, whilst LOOH reached control levels. At three months 
of propranolol treatment, serum LOOH did not differ significantly from the one-month values, 
whilst serum endotoxin and MDA levels were further reduced between 3- and 1-month period 
(P<0.05 and P<0.01, respectively), with the latter reaching control levels. Amelioration of systemic 
endotoxemia at the one- and three-month follow-up intervals (compared to pre-treatment values) 
was not correlated with the respective reductions in serum MDA and LOOH.

Conclusions This is the first study to show that NSBB treatment in liver cirrhosis exerts a 
significant systemic antioxidant action. This effect seems to be, at least partly, independent of their 
beneficial effects on intestinal barrier function and endotoxemia.

Keywords Cirrhosis, portal hypertension, non-selective beta-blockers, lipid peroxidation, 
endotoxin, intestinal permeability
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Introduction

Oxidative stress results from a persistent imbalance between 
the production of oxidants and cellular antioxidant systems 
in favor of the former; it has been recognized not only as a 
causative factor of cellular injury, but also as a pivotal regulator 
of all crucial cellular processes, including metabolism, growth, 
differentiation and death [1,2]. Oxidative stress has been 
recognized as a fundamental factor in the promotion of liver 
fibrogenesis and the progression of chronic liver injury into 
liver cirrhosis, irrespectively of its underlying etiology [3,4]. 
Most importantly, oxidative stress seems to possess a systemic 
spread in cirrhosis playing a pivotal pathophysiological role 
in the structural and/or functional derangements developed 
in diverse organs (intestinal barrier dysfunction, spontaneous 
bacterial peritonitis, portal hypertension-endothelial 
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dysfunction-hyperdynamic circulation, hepatorenal and 
hepatopulmonary syndromes, hepatic encephalopathy and 
cardiomyopathy, hepatocellular carcinoma) [5]. 

The presence of systemic endotoxemia, promoted by 
failure of the intestinal barrier in liver cirrhosis, has been 
widely accepted as an important common pathogenetic 
mechanism in the development of diverse complications 
of cirrhosis. Endotoxemia exerts its systemic injurious 
effects through activation of the leukocyte system, 
which produces and releases numerous inflammatory 
and vasoactive mediators and oxygen free radicals [6-8]. 
Portal hypertension has previously been shown to be 
strictly correlated with intestinal hyperpermeability and 
also constitutes the pathophysiological basis of most 
complications of cirrhosis [9].

Non-selective beta-blockers (NSBB), such as propranolol, 
have been long used for the pharmacological treatment of 
cirrhotic portal hypertension in order to prevent the first episode 
or the recurrence of variceal bleeding [10]. Additionally, recent 
meta-analyses have shown that NSBB decrease mortality in 
cirrhotic patients to a greater degree than would be expected 
from the reduced rate of variceal bleeding [11,12], and also 
protect against spontaneous bacterial peritonitis [13]. Notably, 
a recent important clinical study demonstrated their beneficial 
effects in the prevention of gut-derived endotoxemia and its 
associated systemic cytokinemia in cirrhosis [9]. Endotoxemia 
and its associated systemic inflammatory response are well-
established promoters of systemic oxidative stress in liver 
cirrhosis [5]. However, to the best of our knowledge, there are 
no previous studies investigating the effect of NSBB therapy on 
this important pathophysiological factor for the development 
of complications of cirrhosis.

The present study was undertaken to investigate the effect 
of propranolol treatment on serum oxidative stress and 
endotoxemia in patients with liver cirrhosis and clinically 
significant portal hypertension, determined by the presence of 
esophageal varices.

Patients and methods

Blood collection and storage

Blood samples of healthy donors and cirrhotic patients were 
collected to measure endotoxin, lipid hydroperoxides (LOOH) 
and malondialdehyde (MDA). Blood was withdrawn from a 
peripheral vein using pyrogen-free syringes and collected in 
endotoxin-free vials. The serum was separated from the cells 
by centrifugation at 4000 rpm for 15 min and stored at -80°C 
until analysis.

Patients

The study was approved by the Ethics Committee of Patras 
University Hospital, Patras, Greece. All subjects were informed 
about the study protocol and written informed consent was 

obtained prior to their enrollment in the study.
Fourteen patients with liver cirrhosis and esophageal 

varices not currently treated with a NSSB were prospectively 
enrolled in this study. Patients with small varices were treated 
with NSSB, either because according to endoscopy findings 
there were red wale signs on varices, or because their cirrhosis 
severity was Child-Pugh C (following the guidelines of the 
American Association for the Study of Liver Diseases). The 
diagnosis of liver cirrhosis was established by means of histology 
and/or by its clinical, laboratory, endoscopic, or imaging 
manifestations. Cirrhotic patients were enrolled after being 
diagnosed with esophageal varices on upper gastrointestinal 
endoscopy performed for diagnostic reasons or 7-10 days after 
an episode of variceal bleeding, managed endoscopically with 
variceal ligation, when the gastrointestinal bleeding had ceased 
and the patient was hemodynamically stable. Additionally, 
antibiotics were used in patients with variceal bleeding only 
for a few days as prophylactic therapy. According to the 
pharmacokinetics of the antibiotics used in variceal bleeding, 
the average elimination half-life of the antibiotics used in the 
patients of our study with variceal bleeding was less than a day. 
In these patients samples were taken 7-10 days after cessation 
of variceal bleeding and a minimum of 2 days after cessation of 
antibiotic therapy. In patients with liver cirrhosis due to alcohol 
consumption, alcohol had been discontinued at least one 
year before the initiation of the study. Cirrhosis severity was 
assessed according to the Child-Pugh classification. Patients 
with acute liver failure, hepatic encephalopathy, hepatorenal 
syndrome, hepatoma or other malignancy, alcohol abuse in the 
previous 4 weeks, infections including spontaneous bacterial 
peritonitis, rheumatic diseases, renal diseases, gastrointestinal 
diseases (e.g., celiac disease, inflammatory bowel disease) or 
intestinal surgery, under treatment with corticosteroids, non-
steroid anti-inflammatory drugs or antioxidants (vitamins 
C and E, allopurinol, N-acetyl-cysteine), history of surgery 
or transjugular intrahepatic portosystemic shunt for portal 
hypertension, history of use of NSSB medication, or patients 
with contraindications to NSSB were excluded. The propranolol 
dose was titrated aiming at a heart rate of 55-60 bpm (adjusted 
doses ranged from 40 to 240 mg per day, administered in two 
or three divided doses). The patients were followed up for a 
three-month period (before starting propranolol, one-month, 
and three-months after starting propranolol treatment).

The control group comprised healthy individuals matched 
for age and sex (n=14, 9 male/5 female), with no past medical 
history, normal clinical examination and laboratory blood 
tests.

Oxidative stress assessment

Oxidative stress evaluation was performed by measuring 
two main indicators of lipid peroxidation damage, the early 
and late lipid peroxidation products LOOH and MDA, 
respectively [14], in blood serum, as follows. For the LOOH 
assay, a 0.6 mL sample was diluted with 0.6 mL phosphate-BHA 
buffer (10 mM phosphate buffer, pH 7.2, containing 0.5 mM 
BHA, from 0.33 M BHA stock, made in absolute ethanol, to 
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prevent artificial lipid peroxidation during the assay), mixed 
by vortexing with 1.2 mL chloroform: methanol (2:1 v:v) and 
0.18 mL 100% TCA, and kept in an ice-water bath for 20 min. 
The chloroform fraction containing LOOH was separated 
by centrifugation at 15000 g for 5 min, vacuum-dried, and 
the resulting lipid pellet was solubilized in 1 mL methanol. 
Estimation of LOOH was carried out with FOX assay and 
the result was expressed as equivalents of nmoles of cumene 
hydroperoxide per mL serum. For the total (free plus protein-
bound) MDA assay, a 0.02 mL sample was diluted to 0.25 mL 
with phosphate-BHA buffer, and mixed with 0.05 mL TBA 
reagent and 3 µL 0.1 M BHA (made in absolute ethanol). The 
mixture was incubated at 100°C for 20 min, brought to room 
temperature, vortexed with 0.3 mL butanol-1 and centrifuged 
at 15000 g for 3 min. The fluorescence of the upper butanol 
layer was measured at ex/em 535/550 nm. MDA was expressed 
as nmoles per mL serum. LOOH and MDA have been used 
in studies as markers of oxidative stress damage in liver 
cirrhosis [15,16].

Endotoxin measurements

Blood samples of healthy donors and patients were 
collected in endotoxin-free vials. After centrifugation, serum 
was separated and stored at -80°C until processed. Endotoxin 
levels were measured by the quantitative chromogenic Limulus 
Amebocyte Lysate (LAL) test (QCL-100; Lonza, Walkersville, 
MD, USA), according to the manufacturer’s instructions. 
Briefly, the stored samples were defrosted at room temperature 
and four standard endotoxin solutions were prepared. Then 
50 μL of each sample was mixed with the LAL, added to the 
microplate well and incubated at 37°C for 10 min. The LAL-
sample was mixed with a chromagen, incubated at 37°C for 
an additional 6 min after which the reaction was stopped by 
a stop reagent. The absorbance of the sample, determined 
spectrophotometrically, is in direct proportion to the amount 
of endotoxin present, and thus, the concentration of endotoxin 
can be calculated from a standard curve created by the 
absorbance of standard endotoxin solutions. The endotoxin 
concentrations were expressed as EU/mL. All materials used in 
this test were endotoxin-free.

Statistical analysis

Statistical analysis was performed using the SPSS statistical 
package (version 20; SPSS, Chicago, IL, USA). Normality of 
data was tested using the Shapiro-Wilk test. As the distributions 
of MDA, LOOH and endotoxin were non-normal, Friedman 
analysis with post hoc Wilcoxon signed-rank tests were 
performed. Comparisons between controls and cirrhotics at 
diverse time points were made using the Mann-Whitney U-test. 
Correlation analyses were performed using the nonparametric 
Spearman correlation test. In all cases a P-value of <0.05 was 
considered as significant.

Results

Patient characteristics

Characteristics of the enrolled population, before the 
initiation of propranolol treatment, are summarized in Table 1. 
Briefly, 14 patients with liver cirrhosis and 14 healthy controls 
were involved in the study. No significant differences with 
regard to age or sex were observed among cirrhotic patients 
and controls. Alcoholic liver disease and viral hepatitis were the 
main etiologies of cirrhosis in the studied sample, which also 
included two patients with unknown etiology. Nine patients 
had compensated cirrhosis classified as Child-Pugh A, whereas 
five patients had decompensated cirrhosis classified as Child-
Pugh Class B or C (n=3 and n=2, respectively). All cirrhotic 
patients involved in this study presented with esophageal varices 
of varying size. Three patients with variceal bleeding were 
included in the study 7-10 days after the cessation of bleeding.

Levels of serum oxidative stress markers

Before treatment with a NSSB, cirrhotic patients presented 
significantly higher levels of serum MDA and LOOH as compared 
to healthy controls (P<0.001 for both) (Fig. 1 and Table 2). 
After one month of propranolol treatment, there was a significant 
decline in both MDA and LOOH levels as compared to pre-

Table 1 Characteristics of patients with liver cirrhosis before the 
initiation of propranolol treatment (time: 0) and healthy controls

Characteristics Cirrhotic patients 
(time: 0) (n=14)

Healthy 
controls (n=14)

Age 67 (42-79) 63 (38-80)

Sex 10M/4F 9M/5F

Etiology of cirrhosis
(alcohol/viral/
unknown)

6/6/2 -

Compensated/
decompensated

9/5 -

Child-Pugh class
(A/B/C)

9/3/2 -

INR 1.17 (0.95-1.68)* 0.99 (0.68-1.37)

Albumin (g/dL) 3.65 (2.30-5.00)* 4.50 (3.60-4.80)

Total bilirubin (mg/dL) 1.35 (0.30-6.91)* 0.45 (0.30-0.70)

Ascites 3/14 -

Esophageal varices 14/14 -

Esophageal varices 
grade
(small/medium/ large)

8/2/4 -

Recent variceal 
bleeding

3/14 -

Values of age, INR, albumin and total bilirubin are medians (min-max)
*P<0.01 vs. Controls
M, male; F, female; INR, international normalized ratio
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treatment values (P<0.05 and P<0.01, respectively) (Fig. 1, 2) and 
LOOH was reduced to healthy control levels. At three months of 
propranolol treatment, LOOH remained at control levels, whilst 
MDA was further reduced as compared to the one-month values 
(P<0.01) and also reached control levels (Figs. 1, 2 and Table 2).

Serum endotoxin concentrations

Before the initiation of propranolol treatment, patients 
with liver cirrhosis presented higher serum endotoxin levels 

as compared to healthy controls (P<0.001, Fig. 1 and Table 2). 
In patients with variceal bleeding, blood samples were taken 
7-10 days after the cessation of variceal bleeding when endotoxin 
values were no longer influenced by the bleeding [17].

Systemic endotoxemia was significantly ameliorated after 
one month of propranolol treatment (P<0.01 vs. pre-treatment 
values) and further significantly reduced at three months 
(P<0.05 vs. one-month values) (Figs. 1, 2). However, at both 
time points after initiation of propranolol treatment, endotoxin 
levels were significantly higher than those of healthy controls 
(P<0.001), as shown in Fig. 1 and Table 2.

Table 2 Serum MDA, LOOH and endotoxin levels

Serum Group I
n=14

Group II
n=14

Group III
n=14

Group IV
n=14

P-value
(Control/

Patients at time 
points)

P-value
(Patients at different 

time points)

MDA
(nmoles/mL)

0.30
(0.26-0.34)

0.38
(0.21-0.73)

0.37
(0.21-0.46)

0.26
(0.18-0.39)

I/II:0.00, I/III:0.022,
I/IV: NS, 

II/III: 0.044,
II/IV: 0.001, III/IV:0.001

LOOH
(nmoles cumene 
equivalents/mL)

2.84
(1.87-3.52)

4.79
(2.78-10.88)

3.43
(2.13-6.44)

2.84
(1.95-6.00)

I/II: 0.000, I/III: NS,
I/IV: NS, 

II/III:0.005, II/IV:0.008, 
III/IV: NS

Endotoxin
(EU/mL)

0.27
(0.23-0.37)

0.52
(0.35-0.90)

0.42
(0.33-0.73)

0.42
(0.30-0.57)

I/II:0.000, I/III:0.000, 
I/IV:0.000, 

II/III:0.003, II/IV:0.005, 
III/IV:0.022

Values are medians (min-max), Group I: Control, Group II: Cirrhotic patients (time: 0), Group III: Cirrhotic patients (time: 1 month after the initiation of 
propranolol), Group IV: Cirrhotic patients (time: 3 months after the initiation of propranolol)
LOOH, lipid hydroperoxides; MDA, malondialdehyde; NS, not significant
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Correlations

In cirrhotic patients, reduction of serum oxidative stress 
parameters (MDA or LOOH) after one or three months of 
propranolol treatment was not correlated with the respective 
reductions of serum endotoxin values compared to pre-
treatment values.

In the total population of cirrhotic patients (pooled patients 
with decompensated and compensated liver cirrhosis), levels 
of serum endotoxin and MDA levels significantly correlated 
with the presence of ascites (r=0.583, P=0.029; and r=0.651, 
P=0.012 for endotoxin and MDA, respectively). Furthermore, 
MDA levels significantly correlated with the cirrhosis status 
(decompensated vs. compensated: r=0.614, P=0.020), the size 
of esophageal varices (small/medium/large: r=0.581, P=0.029) 
and the Child-Pugh score (A/B/C: r=0.670, P=0.009).

Discussion

Oxidative stress seems to play a fundamental role in 
hepatic cirrhosis and its complications from diverse organs [5]. 

Previous clinical studies in cirrhosis have demonstrated a high 
oxidative stress in the blood and liver tissue and we have also 
recently detected high lipid peroxidation levels in the intestinal 
mucosa of cirrhotic patients [4,18,19]. The role of oxidative 
stress in the development of cirrhosis-related complications 
from diverse organs has been emphasized previously [5,20]. 
The systemic spread of oxidative stress in liver cirrhosis points 
towards its potential importance as a pharmacological target.

Despite its indisputably important pathophysiological role 
in the development of complications of cirrhosis, the effect of 
diverse pharmacological modalities used to address this factor 
in patients with cirrhosis has not been adequately investigated. 
NSBB constitute the cornerstone pharmacological therapy for 
the control of portal hypertension for the primary or secondary 
prevention of variceal bleeding. To the best of our knowledge, 
this is the first study investigating in humans the effect of NSBB 
on systemic oxidative stress in liver cirrhosis.

According to our findings, propranolol effectively reduced 
serum levels of both oxidative stress markers (MDA and 
LOOH) from the first month after treatment initiation. More 
specifically, LOOH was restored to control levels even from the 
first month of propranolol treatment and this positive effect 
was sustained at three months, whilst MDA was significantly 
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reduced at first month and reached control levels at three 
months. This more delayed response of MDA to propranolol 
treatment might be due to the fact that, since LOOH are the 
early decomposition products of peroxidized lipids, there is a 
time lag between their initial emergence and the subsequent 
decomposition to MDA of those LOOH that have escaped 
the antioxidant defense of the organism. Concurrently, NSBB 
therapy significantly ameliorated systemic endotoxemia at the 
one- and three-month follow-up intervals, but endotoxemia 
prevention was not correlated with the respective reductions 
of serum MDA and LOOH. An antioxidant action of NSBB 
has been previously demonstrated in myocardial infraction 
and cardiac failure [20-23]. In liver cirrhosis, oxidative stress is 
mainly promoted by the presence of gut-derived endotoxemia 
in the systemic circulation, which activates the leukocyte 
system to produce and release inflammatory mediators and 
oxygen free radicals [5,19]. Prevention of systemic endotoxemia 
by NSBB therapy, through improvement of intestinal 
permeability, would have been a reasonable explanation for 
the observed reduction in systemic oxidative stress. However, 
in the present study propranolol-induced oxidative stress 
reduction was not correlated with the respective amelioration 
of systemic endotoxemia. This finding implies that additional 
or diverse mechanisms underlie the antioxidant effect of NSBB 
in cirrhosis.

Previous studies have shown that propranolol may attenuate 
oxidative stress through blockade of the catecholamine-induced 
activation of the hepatic endoplasmic reticulum stress [24]. In 
addition, it has been previously shown that propranolol may 
protect cells against oxidative stress through primary anti-
radical properties independent of beta-receptor blockade [25]. 
Propranolol’s antioxidant properties are in part linked to the 
protection of membranes against lipid peroxidation [26]. 
Propranolol reduces intracellular Ca++ overload and 
attenuates mitochondrial dysfunction by its action on electron 
mitochondrial membrane transport, and also by inhibiting the 
Bax-mediated cytochrome C release [20,27]. Interestingly an 
experimental study in rats with CCl4 induced hepatotoxicity 
confirmed the antioxidant effects of NSSB. More specifically, 
the study showed that carvedilol, an NSBB, showed promising 
antifibrotic effects by reducing the oxidative stress [28].

In agreement with previous reports, the present study also 
demonstrated a positive impact of propranolol on intestinal 
barrier function and endotoxemia. A recent study showed 
that the positive effect of propranolol on the amelioration 
of intestinal hyperpermeability in cirrhosis is partially 
independent of its hemodynamic effects on portal pressure [9]. 
Our present findings demonstrate that improvement in barrier 
function by propranolol treatment is also independent of its 
antioxidant action, despite the fact that oxidative stress seems 
to be an important factor contributing to intestinal injury 
in cirrhosis [19]. Alternative explanations for the observed 
prevention of gut-derived endotoxemia by propranolol might 
be: (a) the acceleration of the intestinal transit time leading to 
prevention of gut bacterial overgrowth and consequently of 
intraluminal endotoxin load [29]; (b) the inhibition, via the 
splanchnic sympathetic nervous system, of the detrimental 
immunosuppressive effects of cirrhosis-induced sympathetic 

overactivity on the innate immune system [30]; and (c) the 
potential restoration of intestinal tight junction integrity [31].

In conclusion, this is the first clinical study to demonstrate 
that propranolol exerts a systemic antioxidant action, 
concurrently with endotoxemia prevention, in cirrhotic 
patients with esophageal varices. Although the number 
of patients included in the present study was limited, our 
findings might be of clinical significance, considering the 
pivotal pathophysiological role of endotoxemia and oxidative 
stress in complications of cirrhosis from diverse organs [5]. 
Previous studies have shown that NSBB treatment reduces 
the incidence of hepatocellular carcinoma and spontaneous 
bacterial peritonitis occurrence in cirrhotic patients [32], 
which might be associated with their systemic antioxidant 
action [5,11]; however, other investigations have contradicted 
these findings [33]. Beyond their well-established preventive 
role in variceal bleeding, we feel that future studies should focus 
on answering whether the NSBB-induced systemic antioxidant 
effect and gut barrier function improvement could result in the 
prevention of other cirrhosis-related complications, leading to 
a better clinical outcome in terms of morbidity and mortality.

Summary Box

What is already known:

•	 In	 liver	 cirrhosis,	 gut	 barrier	 failure	 leads	 to	
portal and systemic endotoxemia with subsequent 
activation of a systemic inflammatory and pro-
oxidant response

•	 Systemic	 oxidative	 stress	 and	 endotoxemia	 play	
a fundamental pathophysiological role in the 
aggravation of liver injury and the development of 
complications of cirrhosis from diverse organs

•	 Non-selective	 beta-blockers	 (NSSB)	 reduce	
intestinal hyperpermeability, bacterial 
translocation and endotoxemia, independently 
of their hemodynamic effects on portal pressure, 
whilst a decreased incidence of spontaneous 
bacterial peritonitis and hepatocellular carcinoma 
has been also reported

What the new findings are:

•	 Propranolol	 exerts	 a	 systemic	 antioxidant	 action	
in liver cirrhosis, concurrently with endotoxemia 
prevention, in cirrhotic patients with esophageal 
varices

•	 The	 systemic	 antioxidant	 effects	 of	 NSBB	 are	
related to additional mechanisms apart from the 
improvement in intestinal barrier function and 
amelioration of endotoxemia, since endotoxemia 
prevention and antioxidant effect were not 
correlated in our study
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